Objective. This retrospective study investigated the impact of a required vs an optional remake requirement on student performance in a compounding laboratory course in which students' compounded preparations were analyzed. Methods. The analysis data for several preparations made by students over a 3-year period were compared for differences in the analyzed content of the active principal ingredient and the number of students who successfully compounded the preparation on the first attempt. Results. Students' compounding accuracy was significantly better for the ketoprofen (pluronic lecithin organogel [PLO]) emulsion (p5 0.003) and mock co-enzyme Q10 troches (p, 0.001) when remaking an inaccurate preparation was optional rather than required. There were no significant differences in the parameters for the other compounded preparations. Conclusion. Student performance did not decrease when students were given the option to remake an inaccurate preparation. Factors such as the difficulty of the preparation, time spent compounding, and impact on the student's final course grade also may have influenced student performance.
INTRODUCTION
The art and science of compounding is unique to the pharmacy profession, and for this reason, colleges and schools of pharmacy often include practical compounding laboratories in the curriculum to ensure student competency in this area. The American Association of Colleges of Pharmacy Council of Sections convened a task force to assess compounding education within the curriculum of its member institutions partly because there is not a national standardized compounding curriculum. 1 The report showed that the amount of training a student receives in compounding education depends on the individual institution's curriculum.
A fundamental requirement of any compounding education curriculum is the assessment of student abilities. Several assessment methods can be used, such as physically observing the student while performing a compounding operation, reviewing a laboratory report in which the student describes what was done and/or observed during a compounding operation, conducting an analytical procedure of the finished compounded preparation, measuring a physical attribute of the finished preparation, or a combination of these techniques. 2 Although some pharmacy educators feel that every college and school of pharmacy should use analytical testing in compounding courses to encourage accuracy, 3 only a few institutions appear to be doing this. In a study by Kadi and colleagues, students completed 2 different preparations, a potassium permanganate aqueous solution and a citrated caffeine syrup, that were each analyzed using a spectrophotometric assay. Approximately 46% and 22% of the preparations were not within 610% of the nominal concentration on the students' first attempt at compounding the solution and the syrup, respectively. 4 The curriculum at the University of North Carolina Eshelman School of Pharmacy includes a compounding component integrated within the 5-semester Pharmaceutical Care Laboratory course sequence. The compounding component leads the students through a series of approximately 26 compounding exercises covering most of the dosage forms used in contemporary pharmacy compounding practice. The assessment tools used include laboratory report documentation, direct observation of the student's compounding techniques, measuring physical attributes of the finished preparation, and analyzing the compounded preparation for the content of the active principal ingredient. The pharmaceutical analysis of the compounded preparations is carried out using spectrophotometric assays or high performance liquid chromatography (HPLC) procedures.
For several years, the preparation analyses were used as the basis for assigning a grade for the compounding exercise. Typically, the preparation analysis accounted for 50% of the student's grade, with the other 50% consisting of the accuracy of the label and laboratory report, as well as the student's counseling abilities. Students received either the full score or a zero grade, dubbed the "analysis requirement," depending on whether their preparation was within an acceptable standard range (typically 6 10% of the label amount or concentration of the active principal ingredient). If the preparation was outside the range, the student was required to remake the preparation to receive the full score. After several years of requiring students to remake an inaccurate preparation, students were given the option to remake the preparation. The objective of this retrospective study was to determine the impact of changing the remake analysis requirement to an optional remake provision.
METHODS
There is no means to directly measure student effort in making a compounded preparation. However, we hypothesized that student effort could be inferred by examining the analytical data when a required remake was enforced versus when an optional remake was in place. Students may be less diligent when a less stringent assessment is used. A larger variation in the preparation active principal ingredient analysis and the number of students who successfully compounded the preparation on the first attempt might reflect a decrease in a student's attention to detail, carefulness in measuring ingredients, etc. Thus, this information was collected for several compounded preparations and reviewed to determine if student diligence decreased. The preparations reviewed in this study cover a span of 3 years, and were selected from all of the preparations analyzed during that period to give a range of simple to complex preparations. In both the cases of required and optional remakes, students were aware of their grade on the first attempt.
The selected preparations were compounded during the regularly scheduled pharmaceutical care laboratory courses. Appendix 1 provides the formulations used and the method used to compound the preparations. The same preparations were made over the study years, and the same analytical techniques and equipment were used to analyze the preparations. A correctly compounded preparation was considered to have an active principle ingredient strength within 610% of the theoretical strength. All analytical procedures were developed in-house by the course instructor. A detailed description of the analysis process used for each preparation is also provided in Appendix 1.
The variation of each compounded preparation in the years when the required or optional remake policy was in force was compared by calculating the mean and standard deviation of the student results. A z test was used to test for significant differences in the analysis results because the variance was known. Another measure of the variation was the number of students who compounded the preparation correctly on the first attempt using 610% of the theoretical active principal ingredient strength as the criteria for an accurately compounded preparation. Table 1 shows the number and percentage of students who accurately compounded the preparation on the first attempt within 6 10% of the labeled active principal ingredient strength. Ninety-eight students (84% of the total number of students compounding the formulation) made diphenhydramine syrup within expected parameters when the remake was required vs 101 students (81%) when the remake was optional. Ibuprofen was compounded within expected parameters by 69 (58%) and 53 (44%) students when the remake was required and optional, respectively. A ketoprofen PLO emulsion was compounded within expected parameters by 20 (17%) and 49 (42%) of students when the remake was required and optional, respectively. Seventy-three (61%) and 38 (32%) students compounded a hydrocortisone stick within expected parameters when the remake was required and optional, respectively. American
RESULTS
Forty-eight (41%) and 87 (75%) students compounded a niacin suspension within expected parameters when the remake was required and optional, respectively. Seventeen (15%) and 41 (39%) students compounded a mock co-enzyme Q10 troches within expected parameters when a remake was required or optional, respectively. Table 2 compares the resultant analytical concentrations when a remake was required and optional using the analytically determined active principal ingredient amount for the compounded preparations. For the diphenhydramine syrup, the students' performance was not significantly different whether the remake was required (2.5 6 0.5 mg/mL) or optional (2.5 6 0.6 mg/mL). There were also no significant differences in student accuracy in preparing the ibuprofen effervescent powder when the remake was required (4.0 6 0.9 g/50 g) vs optional (4.2 6 0.6 g/50 g). Students' accuracy in preparing the ketoprofen PLO emulsion was significantly higher when a remake was optional (0.9 6 0.2 g/10 mL) than when it was required (0.7 6 0.2 g/10 mL; p 5 0.003). For the hydrocortisone medication stick, there were no significant differences in student accuracy when a remake was required (2.5% 6 0.5%) vs optional (2.7% 6 0.6%). No significant differences in preparation were found in the niacin suspension when the required remake data (5.4 6 0.9 g/150 mL) and optional remake data (5.2 6 0.5 g/150 mL) were compared. There was a significantly better performance on the mock co-enzyme Q10 troches when the remake was optional (2.7 6 0.5 g) instead of required (1.9 6 0.3 g; p , 0.001).
DISCUSSION
Student performance in compounding did not differ when remaking the preparation was optional or required. This was clearly evident in 4 of the formulations (diphenhydramine syrup, ibuprofen effervescent powder, hydrocortisone stick, and niacin suspension). In compounding the ketoprofen PLO emulsion and mock co-enzyme Q10 troche formulations, the preparations of the groups who were required to remake them were outside of the expected 6 10% range. However, the preparations of those in the optional remake groups were at the limits of the range. This might suggest that students' compounding was more accurate when an optional remake policy was in force. It might also suggest some variability in year-toyear class data. One possible source of variability in the study could be differences in the ingredients used from year to year. To minimize this variability, in-date preparation ingredients from reputable vendors were used each year. Also, standard curves were used for each group of preparations for all active principal ingredient data included in this study.
The number of students within 6 10% of the labeled active principal ingredient strength was highest for the diphenhydramine syrup, as shown by an 84% and 81% success rate for the required and optional remake groups, respectively (Table 1 ). In addition, there was a small deviation from the expected active principal ingredient concentration of 2.5 mg/mL for both the required and optional remake groups (Table 2) . Because the diphenhydramine syrup was the first preparation that students made during the Pharmaceutical Care Laboratory course sequence, students were more likely to pay close attention to this compound and put forth their best effort. In addition, the overall student workload was lighter at the beginning of the semester; thus, students may have been willing to devote more time toward compounding the preparation.
Interestingly, almost twice as many students correctly compounded the ketoprofen PLO emulsion, niacin suspension, and mock co-enzyme Q10 troches when the remake was optional rather than required (Table 1 ). In addition, the expected active principal ingredient content for these 3 preparations was significantly closer to the middle of the expected 610% range (Table 2) . Such a performance when a remake was optional rather than required was not intuitively expected. However, many factors may have contributed to this outcome such as: (1) the time in the semester the compound was done (eg, did students have more time early in the semester?); (2) the point in the 5-semester laboratory course sequence at which the compounding was done (eg, did students have more compounding experience?); and (3) students' motivation level (eg, were students more self-motivated when the remake was optional rather than required?). More students accurately compounded the hydrocortisone medication stick and ibuprofen effervescent powder when the remake was required, as shown in Table 1 and Table 2 . Students often perceive these 2 preparations as the most time-consuming compounds because of the large number of ingredients that must be weighed. Perhaps students were more likely to spend more time accurately compounding these preparations on the first attempt when a remake was required because they did not want to have to spend an immense amount of time remaking the preparation at a later date.
Other colleges and schools of pharmacy have investigated the use of an analysis requirement or assessment tool for pharmaceutical compounding courses. 3 Unfortunately analytical testing is not conducted in most pharmacy schools. As a result, students cannot identify the sources of error affecting the quality of their compounded preparations and may wrongly believe that their compounding techniques are appropriate. Instituting an analysis requirement ensures that students receive feedback regarding their compounding performance, which is beneficial for future pharmacy practice.
Although an analysis requirement is a beneficial assessment tool, it also carries some burdens. The equipment for analysis can be a costly investment. Furthermore, requiring students to remake compounded preparations incurs an additional cost to operating the compounding laboratory course. The analysis process can also be time consuming, especially with a large class size. Because of this, auxiliary staff members may be necessary to decrease the turnaround time to provide feedback to students, and paying for the extra staff members would increase the overall operating budget of the laboratory course and the workload of the laboratory coordinator.
CONCLUSIONS
The type of remake requirement for a compounding exercise did not affect student performance in terms of preparation content. However, the perceived difficulty of making the preparation, time spent compounding, and impact on the student's final course grade may influence student performance. Future investigation of factors other than required or optional remake provisions should be conducted to further examine student performance in compounding laboratory courses.
